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Silver-zinc batteries have the highest theoretical specific energy (Wh/kg) and energy density (Wh/L) of 
all rechargeable battery technologies available commercially today. Rechargeable silver-zinc batteries 
have been successfully used for decades in military and aerospace applications where high energy and 
power density are required.  The electrochemical reaction involves the oxidation of zinc to zinc oxide 
and the accompanying reduction of silver(II) oxide to metallic silver. The reaction at the AgO cathode 
involves a two-step oxidation (1.8 V and 1.5 V) of two water molecules to form hydroxide anions that 
migrate to the anode where they oxidize the metallic Zn to form the soluble zincate species before pre-
cipitation of the zinc oxide.

The electrolyte is an aqueous system containing 
35 to 45 percent by weight potassium hydroxide, 
and the separator has historically been cellophane. 
Because rechargeable silver-zinc batteries use an 
aqueous electrolyte, they may pose a reduced flam-
mability hazard when compared with some Li-ion 
batteries. Therefore, silver-zinc batteries are safer 
for both the user and the environment. The nominal 
operating voltage is 1.65 V with end-of-discharge 
and end-of-charge being 1.2 V and 2.0 V, respec-
tively. Figure 1 shows a comparison of the published 
literature values for the silver-zinc battery energy 
density and specific energy with respect to other 
commercial secondary battery chemistries. In the 
figure, it can be seen that silver-zinc batteries have 
the highest specific energy and energy density 
ranges when compared to the other rechargeable 
chemistry solutions available on the market, includ-
ing Li-ion. This increased performance stems from 
the inherently higher material and capacity densities 
of the electrodes (shown in Table 1).

Silver-zinc historically hasn’t achieved widespread 
commercial use due primarily to short cycle life and 
high cost. New rechargeable silver-zinc batteries 
developed by ZPower, however, have addressed the 
limited cycle life issue through 15 years of R&D and 
now offer a solution today with cycle life comparable 
to lithium-ion. The high cost of silver remains an 
issue and is one of the reasons for focusing upon 
small button and coin batteries where precious 
metal cost isn’t exorbitant.

Global battery technology improvement efforts 
currently focus mainly upon large format batteries 
for transportation and energy storage with power 
density, longevity and cost being the emphasis.  At 
the opposite end of the size spectrum, relatively little attention has been placed upon miniature batteries 
for electronics and medical applications. The miniature battery segment is where silver-zinc technology 
offers distinct advantages over every other rechargeable battery technology, even lithium-ion.

Energy Density Comparison of Silver-Zinc Button Cells with Rechargeable 
Li-Ion and Li-Polymer Coin and Miniature Prismatic Cells

Figure 1. Specific Energy and Energy Density Values for Several 
Battery Chemistries from Data Reported in Handbook of Batteries, 
4th Edition, D. Linden and T. Reddy, McGraw-Hill, 2010.

Table 1. Physical Characteristics for Lithium-ion and Silver-Zinc  
Battery Electrode Materials Reported in Handbook of Batteries, 4th 
Edition, D. Linden and T. Reddy, McGraw-Hill, 2010.
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Miniature Battery Comparison
The cell performance data used in this report for 
comparing different commercially available battery 
chemistries were found on the companies’ websites. 
The reported energy densities from the different 
battery manufacturers are compared with respect 
to size in Figure 2 and with respect to discharge 
energies in Figure 3.

Figures 2 and 3 focus on the smaller sizes that 
are more comparable to the silver-zinc button cell 
sizes currently available, up to 600 mm3 and 200 
mWh, respectively.

From the performance data plotted in these two 
figures, it can be seen that the four silver-zinc but-
ton cell batteries deliver greater energy density than 
the equivalently sized rechargeable Li-ion batteries 
available on the market today. In fact, there are no 
rechargeable Li-ion options at volumes less than 200 
mm3, whereas there are two silver-zinc solutions. 
For the other two silver-zinc button cell sizes, due to 
the higher intrinsic material and capacity density of 
the electrode materials, they clearly exhibit greater 
energy density performance than the similarly sized 
rechargeable Li-ion batteries.

Also, with regard to cycling data for the Li-ion cells 
published in their specification sheets, they are giv-
en with a condition of only being able to maintain 
above 80 percent of that capacity for a minimum of 
200 cycles.  Typically, Li-ion cells only deliver the 
rated capacity for the first few cycles, and then rap-
idly fall to between 85 to 90 percent within the first 
100 cycles. Furthermore, the capacity of the Li-ion 
cells generally plateaus between 80 to 85 percent 
of their advertised rated capacity before the 200th 
cycle. In comparison, the silver-zinc button cells maintain greater than 98 percent of their advertised 
rated capacity for more than 300 cycles. It is again clear that AgZn offers a greater capacity density and 
cycle life performance over current rechargeable Li-ion solutions.

Since the Li-ion battery involves the intercalation of Li-ions in and out of their electrode material, they 
are heavily dependent on interfacial surface area between electrodes.  Therefore, the performance of 
a Li-ion button cell is directly dependent on the number of layers from how the electrodes are wound 
together within a jelly-roll configuration; or for the case of the case of the Li-poly cells, the number of 
electrode layers that can be stacked.  In the case of Li-ion coin cells where the jelly-roll configuration 
is not an option, a larger diameter with shorter height form factor is preferred. These are the reasons 
for the spread of Li-ion performance shown in Figures 1 and 2. However for silver-zinc, because of the 
greater intrinsic electrode materials densities, AgZn battery chemistry is not as sensitive to interfacial 
surface area, and they can maintain a much higher energy density for these miniature battery sizes 
(<600 mm3) with their standard planar arrangement, resulting in a distinct advantage in energy density 
for the silver-zinc batteries at these smaller sizes.  Therefore, silver-zinc electrodes can be utilized in a 
variety of form factors without a loss in performance. 

For more information, contact ZPower, LLC at http://zpowerbattery.com.

Figure 2. Comparison of Energy Densities with Respect to Volume

Figure 3. Comparison of Energy Densities with Respect to  
Discharge Energy
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About ZPower, LLC

ZPower is a leader in the development of rechargeable, silver-zinc batteries 
for miniature battery applications whose headquarters and manufacturing 
facility is in Camarillo, Calif. The company provides a total solution for hear-
ing instrument manufacturers which includes advanced silver-zinc battery 
technology and charger design support. The ZPower solution simplifies new 
product development and speeds time-to-market. For end users, ZPower 
batteries deliver unmatched performance, improved user experience and 
are better for the environment. ZPower is ISO 9001:2008 certified and its 
facility and devices registered with the FDA. 

For more information, visit www.zpowerbattery.com.     


